Background: The dose-response relationship between volume of physical activity and incidence of major vascular events at older age is unclear. We aimed to investigate this association in a cohort of older men. Methods: For this prospective cohort study, 7564 men aged 65-83 years and without prior vascular disease were recruited in 1996-99 from the general population in Perth, Western Australia. Men were followed up using the Western Australian Data Linkage System to identify deaths and hospitalisations. During mean follow-up of 11 (SD 4) years, there were 1557 first major vascular events: 833 ischaemic heart disease events, 551 stroke events and 173 other vascular events. Cox regression was used to calculate hazard ratios (adjusted for age, education and smoking) for incidence of major vascular events by volume of baseline recreational physical activity (measured in metabolic equivalent [MET] hours per week). Results: Hazard ratios among men who performed 0, 1-14, 15-24, 25-39, ≥40 MET-hours per week of recreational physical activity were 1.00 (95 % CI 0.91-1.10; referent), 0.88 (0.79-1.00), 0.81 (0.72-0.91), 0.81 (0.72-0.91) and 0.80 (0.71-0.89), respectively (P trend =0.006). The association was slightly attenuated with further adjustment for BMI. There was evidence of stronger associations at older ages and greater intensity of activity, but no evidence of effect modification by smoking, alcohol intake or BMI. There was also no evidence that the association varied by type of vascular event. Conclusions: Among men aged over 65 years, there was a curvilinear association between recreational physical activity and incidence of major vascular events, with an inverse association up to about 20 MET-hours per week (equivalent to 1 h of non-vigorous, or half an hour of vigorous, physical activity per day) and no evidence of further reductions in risk thereafter.
Background
Physical inactivity is an established risk factor for vascular disease [1] . Despite this, levels of activity are low in many populations and increasing efforts are being made to promote exercise, especially at older ages when the absolute risk of vascular disease is high [2, 3] . The World Health Organisation recommends that those over 65 years of age should do at least 75 mins of vigorousintensity exercise, or 150 mins of moderate-intensity exercise, per week (7.5 metabolic equivalent [MET] hours per week) [4] . Uncertainties remain, however, regarding the shape and strength of the association between volume of physical activity and vascular disease.
Volume of physical activity has been inversely associated with both ischaemic heart disease [5] [6] [7] [8] and stroke [9] [10] [11] . The lack of consistency in how physical activity is defined and measured in different studies means there is limited evidence on the dose-response relationship between volume of physical activity and risk of major vascular events. Those few meta-analyses which have combined the results of studies using standardised measures of physical activity, such as kcal per week or METhours per week, describe a curvilinear dose-response relationship with a strong inverse association at lower levels of physical activity that becomes progressively shallower at higher levels [6, 7, 12] . In these studies, high levels of physical activity are association with~20-40 % lower risk of major vascular events relative to those with very low levels of physical activity. A similar curvilinear relationship has been described in studies of the association between physical activity and all-cause mortality [12] [13] [14] .
Meta-analyses which describe the relationship between physical activity and major vascular events have been of mainly middle-aged adults and it remains unclear whether the association differs at older age [7] . It also remains unclear whether the association varies by type of major vascular event (such as ischaemic heart disease and stroke), by intensity of physical activity performed or by other lifestyle factors, such as smoking, alcohol intake and adiposity. Furthermore, there is some evidence from recent studies that vascular risk may increase at very high levels of physical activity, and this has not been fully assessed at older age [15, 16] .
We report the findings from a population-based prospective cohort study of older men in Western Australia. The main aims of this report were: 1) to quantify the dose-response association between volume of recreational physical activity and incidence of major vascular events at older age; 2) to investigate whether the association varied by type of major vascular event; and, 3) to assess whether age, other lifestyle factors (smoking, alcohol intake or BMI) or intensity of activity modified the association.
Methods

Study design and participants
For this prospective cohort study, 12 203 men aged 65-83 years were recruited in 1996-99 from the general population in Perth, Western Australia. These men were initially part of a larger population-based randomised trial of screening for abdominal aortic aneurysm. The trial methods have been described in detail elsewhere [17] . In brief, men were randomly selected from the general population in Perth to undergo ultrasound screening of their abdominal aorta. Those screened received a letter (together with a copy for their general practitioner) reporting the size of their aorta, but no attempt was made to influence the clinical management of the general practitioner and no further intervention was given as part of the trial. At screening, the men also completed a questionnaire, which included an assessment of physical activity performed in a usual week.
Outcomes in this cohort were monitored by the Western Australian Data Linkage System [18] , which has records of deaths and hospital discharge diagnoses in Western Australia from 1970 onwards. The system allowed the underlying cause of death and the discharge diagnoses for inpatient hospital admissions throughout Western Australia to be obtained, coded to 3 digits using ICD-10.
For this report, we excluded men identified as having an enlarged abdominal aorta (≥30 mm in diameter) at screening (n = 875), as they are likely to have received medical intervention during follow-up to address their risk factors for vascular disease. We also excluded those with a past history of heart disease (n = 3419) or stroke (n = 1735), to limit the effect of reverse causality (past medical history was identified from both self-reported disease at baseline and the historical records of the Western Australian Data Linkage System). We further excluded men with missing data from the questionnaire on key variables (physical activity, age, education and BMI; n = 54). The remaining 7564 men contributed person-years until first major vascular event, death or the censoring date (Dec 31, 2010).
Ethics approval for the study was obtained from the Human Research Ethic Committee of the University of Western Australia, and all men provided written informed consent to participate.
Procedures
The questionnaire, completed at the same time as aortic screening, provided information on socio-demographic factors, medical history and lifestyle. Physical measurements were also made, including height (to 0.5 cm) and weight (to 0.2 Kg). To assess physical activity, men were asked if they currently undertook recreational exercise in a usual week and, if so, the time (hours and minutes) spent performing 'non-vigorous' and 'vigorous' exercise, separately. Examples of each type of activity were given: slow walking, slow cycling, Tai Chi and Yoga for nonvigorous activity; and fast walking, jogging, aerobics, vigorous swimming, vigorous cycling, tennis, football and squash for vigorous activity.
Total MET-hours per week were estimated for each participant. MET values quantify energy expenditure relative to an individual's rate of energy expenditure at rest (their resting metabolic rate). Non-vigorous activity was assigned a MET value of three and vigorous activity a MET value of five, in line with the suggested values of such activities for people aged 65-79 years in the US Surgeon General's Report on Physical Activity [19] . Total MET-hours per week were calculated, therefore, as the sum of the hours of non-vigorous activity multiplied by three and the hours of vigorous activity multiplied by five. For the main analyses, active men were divided into quartiles of MET-hours per week which, together with inactive men (those performing 0 MET-hours per week), produced five groups: 0, 1-14, 15-24, 25-39, ≥40 METhours per week.
The primary outcome for the analyses was first major vascular event. This was a composite endpoint of ischaemic heart disease (non-fatal myocardial infarction [ Table S1 ).
Statistical analysis
We used Cox regression (with attained age as the underlying time variable) to calculate hazard ratios for first major vascular event by level of MET-hours per week, with inactive men as the reference group. In addition to age at risk (ie, age during follow-up), analyses were adjusted for education (some primary, some high school, completed high school, completed university) and smoking (never smoker, ex-smoker, current smoker), selected a priori as important confounders. Assessment was made for further confounding by adjusting for region of birth (Australia, Europe, Mediterranean, other), quantity of weekly alcohol intake (none, 1-7, 8-14, ≥15 units), marital status (never married, previously married, currently married), frequency that salt was added to food (rarely/never, sometimes, always/almost always), selfreported diabetes (yes, no), use of blood pressure medication (yes, no) and use of cholesterol medication (yes, no). Missing values formed a separate category in each variable; information on alcohol intake, frequency that salt was added to food and medication use was not collected in 332 men. The main analyses were presented with and without adjustment for BMI (<22.5, 22.5-24.9, 25.0-27.4, 27.5-29.9, ≥ 30.0 kg/m [2] ), as adiposity can be considered both a confounder and possible mediator of the effect of physical activity on vascular risk. We excluded the first 2 years of follow-up to assess for reverse causality from preclinical disease at baseline.
We calculated hazard ratios (adjusted for age at risk, education and smoking) for each type of major vascular event (ischaemic heart disease, stroke and other vascular) by level of MET-hours per week. As for the main analyses, these results were presented with and without further adjustment for BMI. Effect modification of the association for first major vascular event in active versus inactive men was assessed by stratifying on age at risk, smoking, alcohol intake, BMI and intensity of physical activity (no vigorous, some vigorous, only vigorous); the latter divided active men in half to control for variation in median MET-hours per week between strata of intensity of physical activity. Chi-squared tests for heterogeneity and trend, when appropriate, were applied to hazard ratios for each of these variables.
The 95 % confidence intervals about the hazard ratios were calculated using the variance of the log risk [20] . This appropriately attributes variance to the reference, and other, groups to allow confidence intervals to be used to compare risks in any two groups, rather than solely between the reference group and another group. The absolute risks by level of physical activity were examined by multiplying hazard ratios by a common factor to make the inverse-variance weighted average of the hazard ratios match the annual incidence of major vascular events in this cohort. [21, 22] Annual incidence rates were calculated as the unweighted average of the component 5-year incidence rates (Additional file 2: Table S2 ). The proportionality assumption of the Cox models was tested using Schoenfeld residuals and was found to be valid for all of the analyses. Analyses were performed using Stata (v12.0) and figures were plotted using R (v3.0).
Results
In total, 7564 men with no previous vascular disease at baseline were included in this analysis. Mean age at recruitment was 72 years (SD 4) and they were followed for a mean of 11 (SD 4) years to Dec 31, 2010. 1557 (21 %) men had a major vascular event during followup, at a mean age of 80 (SD 6) years. At baseline, 5688 (75 %) men reported some recreational physical activity in a usual week. Among active men, the median physical activity was 25 (IQR 15-40) MET-hours per week (the distribution of MET-hours per week was right skewed) with 65 % (n = 3671) performing non-vigorous activity only, 13 % (n = 727) vigorous activity only and 23 % (n = 1290) both non-vigorous and vigorous activity.
Several vascular risk factors were associated with recreational physical activity at baseline (Table 1 ). In particular, physically active men were more likely than inactive men to have been educated beyond primary school, and were less likely to be current smokers and add salt to their food. A slightly higher proportion of physically active men were born in Australia and were weekly drinkers. There was also a negative association between physical activity and BMI (P trend <0.0001).
Overall, there was a curvilinear association between recreational physical activity and incidence of major vascular events, with an inverse association up to about 20 MET-hours per week and no evidence of further reductions in risk thereafter (Table 2 (Table 2; Additional file 3: Table S3 ) and neither did exclusion of the first 2 years of follow-up (Additional file 4: Table S4 ). Further adjustment for BMI had only a slight attenuating effect on the associations (Table 2 ; Additional file 5: Table S5 ).
Ischaemic heart disease accounted for over half of the major vascular events (n = 833), stroke for about a third (n = 551) and the remainder were other vascular deaths (n = 173); for further details on the type of other vascular deaths, see Additional file 2: Table S2 . There was no strong evidence that the shape or strength of the association differed by type of major vascular event (Tables 3; Fig. 2 ). Relative to inactive men, the hazard ratios (adjusted for age at risk, education and smoking) for all active men combined were 0.81 (95 % CI 0.69-0.94) for ischaemic heart disease, 0.88 (0.73-1.07) for stroke and 0.73 (0.53-1.02) for other vascular death (P heterogeneity =0.8).
As with the overall association, further adjustment for BMI had only a slight attenuating effect on these associations (Additional file 5: Table S5 ).
For major vascular events combined, the association was found to be stronger at older ages in active men relative to inactive men (P trend =0.04; Table 4 ). However, after exclusion of the first 2 years of follow-up, Other factors: place of birth, marital status, quantity of weekly alcohol intake, frequency that salt is added to food, use of blood pressure-lowering medication, use of cholesterol-lowering medication and diabetes the evidence for this was less strong (P trend =0.10; Additional file 4: Table S4 ). There was no significant heterogeneity across the associations when stratified by smoking (P = 0.6), alcohol intake (P = 1.0) or BMI (P trend =0.6). When stratified by intensity of activity, there was evidence of a greater effect with more vigorous activity performed at each level of MET-hours per week (Table 5 ). However, even in active men who performed no vigorous activity, there continued to be evidence of a lower risk of major vascular events relative to inactive men (hazard ratio 0.85 [95 % CI 0.80-0.92]).
Discussion
In this prospective cohort study of 7564 men, aged over 65 years and without vascular disease at baseline, there was an inverse association between volume of recreational physical activity and incidence of major vascular events up to about 20 MET-hours per week (associated with about 20 % lower risk of major vascular events relative to inactive men) and no evidence of further reductions in risk thereafter. There was evidence of stronger associations at older ages and greater intensity of activity, but no evidence of effect modification by smoking, alcohol intake or BMI. Neither was there strong evidence that the association varied by type of major vascular event.
These findings are broadly consistent with other large prospective cohort studies, which have assessed this relationship in mainly middle-aged adults. A recent metaanalysis reported a 23 % (95 % CI 18-30 %) reduction in major vascular events in men who performed high, versus low, levels of recreational physical activity, with a 21 % (15-27 %) reduction in ischaemic heart disease and a 29 %(16-40 %) reduction for stroke [11] .
Few meta-analyses have assessed the dose-response relationship between physical activity and major vascular events. One meta-analysis which described the dose-response relationship between recreational physical activity and ischaemic heart disease in men, reported an association similar in shape and strength to the overall association in the present study: relative to inactive men, 11 MET-hours per week of recreational physical activity was associated with 9 % (95 % CI −5-21 %) lower risk and 22 MET-hours per week was associated with 18 % (9-26 %) lower risk; higher volumes of activity were associated with only slight further reductions in risk [6] . Fig. 1 Incidence of major vascular events versus recreational physical activity (among 7564 participants). Hazard ratios (adjusted for age at risk, education and smoking) at ages 65-94 years for major vascular events versus physical activity were multiplied by a common factor (i.e. floated) to make the weighted average match the annual incidence of major vascular events in this cohort. Mean age at event was 80 years. Annual incidence was the unweighted average of the component 5-year incidence rates. Physical activity was subdivided into five prespecified categories (0, 1-14, 15-24, 25-39, ≥40 MET-hours per week) and hazard ratios plotted against the median of each category. For each category, area of square is inversely proportional to the variance of the categoryspecific log risk, which also determines the confidence interval. Incidence shown above each square and numbers of events below Table 3 Hazard ratios for cause-specific incidence of major vascular events versus recreational physical activity (among 7564 participants) Hazard ratios adjusted for age at risk, education and smoking; for hazard ratios further adjusted for BMI, see Additional file 5: Table S5 Another meta-analysis of the dose-response relationship described a similar curvilinear association but with somewhat greater relative risks: there was inverse association up to 15.0-22.5 MET-hours per week of recreational physical activity which was associated with 41 % (95 % CI 37-43 %) lower risk of death from heart disease relative to inactive adults [12] . The sex-specific findings for this association were not reported, although the association with all-cause mortality was noted to be shallower in men than women. Studies consistently describe an inverse association between volume of physical activity and stroke, but the shape and strength of the dose-response relationship has not been well described [9, 11] . None of the identified meta-analyses describe the association between physical activity and vascular events by age. A systematic review of the relationship between physical activity and cardiovascular disease reported that in individual studies of older men and women, the risk reduction comparing the most active to the least active adults were similar in magnitude to studies of younger adults, although there was substantial uncertainty about the estimates at older age [7] . The Harvard Alumni Health Study (one of the largest studies of the effects of physical activity in older men, with mean age at entry 66 years) reported a curvilinear association between total physical activity and risk of coronary heart disease: relative to men who performed <4200 kJ per week of physical activity per week and adjusting for age, those who performed 4200-8399 kJ per week had a 15 % (95 % CI 3-41 %) lower risk of coronary heart disease and those in the highest physical activity group (≥16 800 kJ per week) had 30 % (9-47 %) lower risk [23] .
There is not a clear reason for the effect modification by age described in the present study. The proportion of men performing at least some vigorous activity fell with increasing age in the present study, indicating that intensity of activity is unlikely to account for this variation. Reverse causality is a possible explanation, despite measures to limit its effect, particularly given the weaker evidence following exclusion of the first 2 years of follow-up. However, these results may still represent a greater effect of physical activity with increasing age.
There is no strong evidence in the literature to suggest that smoking, alcohol intake or BMI modify the strength of the association between physical activity and vascular risk, consistent with present study [24] . There is some evidence from other studies that vigorous exercise may have an effect on ischaemic heart disease beyond its contribution to MET-hours per week and the findings of the present study support this [8, 25] . Fig. 2 Cause-specific incidence of major vascular evens versus recreational physical activity (among 7564 participants). Hazard ratios (adjusted for age at risk, education and smoking) at ages 65-94 years for each type of vascular event versus physical activity were multiplied by a common factor (i.e. floated) to make the weighted average match the annual incidence of each type of vascular event in this cohort. Annual incidence was the unweighted average of the component 5-year incidence rates. Physical activity was subdivided into five prespecified categories (0, 1-14, 15-24, 25-39, ≥40 MET-hours per week) and hazard ratios plotted against the median of each category. For each category, area of square is inversely proportional to the variance of the category-specific log risk, which also determines the confidence interval. Incidence shown above each square and numbers of events below This study had a number of key strengths. The extensive baseline survey allowed assessment for confounding by a number of socio-demographic and lifestyle factors, although a greater range of dietary variables would have been ideal. The study also benefited from an established data linkage system to identify the causes of deaths and hospitalisations in study participants; the system also allowed identification of men with a past medical history of vascular disease at baseline. Case-ascertainment of incident major vascular events was likely to have been high as the population is stable and the data linkage system received information from mortality records and all hospitals throughout Western Australia [26, 27] .
The study also had a number of limitations. Men were recruited from a trial of the effect of screening for abdominal aortic aneurysm and, although no treatment or Hazard ratios were adjusted for age at risk, education and smoking. Participants reporting no recreational physical activity were referent clinical management was advocated as part of the trial, it is possible that men may have been encouraged (particularly those with an abdominal aortic aneurysm) to address their risk factors for vascular disease. We excluded those identified as having an abdominal aortic aneurysm at baseline to limit this effect.
Another limitation was the estimation of METhours per week. Quantifying physical activity, as described, has been demonstrated to be valid in a small sample of community-dwelling older adults [28] , but ideally the measure would have been supplemented by more objective assessments of activity, such as information captured by an accelerometer. It is also a limitation of the measurement of physical activity that it was only assessed at recruitment, which meant it was not possible to investigate changes in physical activity over time or correct for regression dilution bias (the bias that can occur when risk is plotted against baseline levels of an exposure as opposed to longterm average levels) [29] .
At baseline, participants were asked solely about recreational forms of physical activity and, as such, this study was not able to assess the effects of total volume of physical activity on risk of major vascular events (participants did not report physical activity for transport, domestic or occupational purposes). Volume of recreational physical activity is likely to be correlated with total volume of physical activity, but the nature of this relationship and its variation with age is unclear. This study was also not able to assess: the independent effect of non-vigorous and vigorous activity on risk of each type of major vascular event; the effect of frequency of exercise during a usual week; the effect of sedentary behaviors; or the strength of associations by subtype of stroke, all of which should be explored in future research.
Conclusions
This study adds to the limited evidence on the effects of physical activity on risk of major vascular events at older age. There was an inverse association between recreational physical activity and incidence of major vascular events up to about 20 MET-hours per week (equivalent to approximately 1 h of non-vigorous, or half an hour of vigorous, physical activity per day), and no evidence of further reductions in risk thereafter. Reassuringly, there was no evidence of an increase in risk at higher levels of physical activity, even at seven times the World Health Organisation minimum physical activity recommendation. These findings supports the public health advice that men should remain active at older age, as even modest levels of non-vigorous activity appear to be of substantial benefit to vascular health.
